Reference-condition models for the Fraser River catchment were developed using samples collected during the autumn of 1994, 1995, and 1996. The goal of this study was to examine applicability to the reference-condition models of samples collected in other seasons and the effect of taxonomic resolution (genus and family) on model sensitivity to seasonal variation in the benthic invertebrate assemblage. Samples from eight streams representing interior, coastal, and large-river habitats were collected in spring, summer, autumn, and winter of 1995 and in spring of 1996. The benthic invertebrate assemblage changed seasonally such that the models could not be used for seasons other than autumn. The models were equally sensitive to seasonal variation when genus-level or family-level data were used. We recommend that test samples (i.e., samples collected from disturbed sites and meant for comparison with the reference database) be collected either during the autumn or over multiple sampling dates to reduce the possibility that seasonal shifts or stochastic events will lead to erroneous conclusions about the state of a test site.
Introduction
The reference-condition approach to river biomonitoring uses data on benthic invertebrate assemblages and associated physical, chemical, and biological conditions from a set of minimally impacted or reference sites to predict the expected benthic assemblage at possibly stressed test sites (Reynoldson et al. 1997) . If a test-site assemblage falls within the range of variability found at reference sites with similar environmental conditions, the site is considered equivalent to reference. If the test site falls outside of the range, it is considered different from the reference condition. Accurate predictions of expected benthic assemblages are limited to the range of variability included within the reference database, which may or may not include seasonal variability.
Benthic communities change seasonally (Hynes 1970; Boulton and Lake 1992 ; but see Death 1995) , but the implications for biomonitoring have not been fully established. Furse et al. (1984) recommended seasonal collection of reference samples when using predictive models. Their use of a reference data set that combined seasonal data for each site increased prediction accuracy of test sites. However, the additional time and cost of collecting and identifying samples from a large number of reference sites over several seasons are significant considerations that constrain the scope of biomonitoring programs with limited resources. Therefore, the implication of seasonal changes in the benthic community to the application of the reference-condition approach needs to be established.
The purpose of this study was to determine the effect of seasonal changes in benthic invertebrate assemblages on the accuracy of predictions made with the BEnthic Assessment of SedimenT (BEAST) predictive model (Reynoldson et al. 1995) . The model has been developed for bioassessment in the Fraser River catchment, Canada (Reynoldson et al. 2001 ). Specifically, we tested the effect of seasonal variation on the assessment of samples collected outside of the autumnal reference-sample period.
A second goal of this study was to determine the effect of taxonomic resolution (genus versus family) on the sensitivity of the model to seasonal variation. Seasonal variation should be manifest primarily at the genus level because representatives of families are likely to be present throughout the year. The most suitable level of invertebrate identification for biomonitoring depends on the study and the questions being asked (Resh and McElravy 1993) . Zamora-Muñoz and AlbaTercedor (1996) found that the family level of identification was sufficient for monitoring water quality in streams, but species data were required to determine the exact biological responses to stress. Monitoring at the family level is used by the Australian River Assessment Scheme (AusRivAS) and has been recommended for marine (Warwick 1993) and lake (Jackson and Harvey 1993) ecosystems.
Methods

Study sites
To ensure that the results of this study applied to streams from different ecoregions and to small streams as well as large rivers, seasonal change in assemblage structure was assessed for eight streams. This study was limited to eight streams for logistical reasons. All eight streams are located in the Fraser River catchment ( Fig. 1 ) and include three continental streams (Mellin, Glimpse, and Beak creeks), three coastal streams (Spring Creek, Mayfly Creek, and the North Alouette River), and two large-river sites (Fraser and Thompson rivers). These study sites will be referred to as seasonal test sites. Six of the streams used as seasonal test sites were considered reference sites because they were not visibly disturbed, and their autumnal data were incorporated in the reference database used in developing the predictive models described in Reynoldson et al. (2001) . However, during sample collection, it was decided that the Fraser River and Mellin Creek sites were possibly impaired. As a result, they were treated as disturbed sites for data analysis.
A detailed description of the study sites along with a discussion of the spatial variation of the benthic assemblage can be found in Reece and Richardson (2000) . However, a few details of the study sites that highlight differences between the stream types are given here.
Continental climate streams receive very little precipitation through the summer, and highest discharge occurs in the spring as a result of snowmelt. Air temperatures range from 35°C in the summer to -30°C in the winter. These are hardwater streams with high alkalinity, high conductivity, and a slightly basic pH (Table 1) . Agriculture is a dominant land use in continental regions of B.C. Mellin Creek was heavily used by cattle in the autumn and was therefore treated as a disturbed site and excluded from the reference database. Beak Creek was inaccessible in the winter.
The coastal climate streams receive heavy winter rains and correspondingly high and variable winter discharges. Air temperatures can range from 30°C in the summer to -10°C in the winter. The streams have soft water, low alkalinity, low conductivity, and are slightly acidic (Table 1 ).
The two large-river sampling sites were the Thompson River at Spences Bridge and the Fraser River at Agassiz. Air temperatures at these sites range from 30°C in the summer to -20°C in the winter. The Fraser and the Thompson rivers have intermediate alkalinity and conductivity and pH similar to the those of the interior streams (Table 1) . Land use around Spences Bridge and Agassiz consists of agriculture, some rural development, and forestry. There are major urban centers and pulp mills upstream of both sampling sites. Long-term studies on the invertebrate assemblage at Spences Bridge have indicated that the Thompson River is not heavily impacted at this point (J. Culp, Environment Canada, National Hydrology Research Institute, Saskatoon, Saskatchewan, personal communication), so it was considered suitable for inclusion in the reference database. The state of the Fraser River at Agassiz was unknown, so it was treated as a disturbed site and was excluded from the reference database.
Sample collection
The purpose of this study was to test the implications of seasonal variation on the use of predictive models created for biomonitoring in the Fraser catchment, so the same sample collection techniques were used as for collection of the reference database (Reynoldson et al. 2001) . However, samples were collected over five seasonal sampling dates: late spring, summer, autumn, and winter of 1995 and early spring of 1996. The autumnal sampling date corresponded with the timing of the 1994 to 1996 collections of reference samples from throughout the Fraser River catchment (Rosenberg et al. 1999) .
Benthic invertebrate samples were collected from riffles using kicknets (400-mm mesh). In the large rivers, kicknet samples were taken from the river edge proceeding into the river channel, whereas the small-stream samples were collected by zigzagging between stream banks. Samples were preserved in 4% buffered formaldehyde.
One-minute kicknet samples were collected at each site and date. Three samples per site per date were sorted and identified, and the data were pooled so that the data used represented invertebrate abundance per 3-min kicknet sample. If a sample contained <500 invertebrates, the entire sample was sorted and all invertebrates were identified. Samples containing >500 invertebrates were subsampled (Marchant 1989) and at least 200 animals were removed (Rosenberg et al. 1999) . Organisms were identified to the lowest practical taxonomic level, usually genus and species. However, Ostracoda, Turbellaria, and Copepoda were not identified beyond class. Identifications were verified by experts (when possible), and a voucher series was deposited in the Royal British Columbia Museum, Victoria.
Forty environmental variables, including geographic, site, and channel characteristics and water chemistry, were measured either when the benthic samples were collected or from maps. The environmental variables measured were the same as those collected for the parent study (Rosenberg et al. 1999; Reynoldson et al. 2001 ).
Data analysis
Invertebrate abundance data were analyzed at both genus and family levels (exceptions listed above) to determine the sensitivity of the assemblage to seasonal changes. Invertebrate abundance data were used to test the implications of seasonal variation on the predictive model because abundance data were used in the creation and implementation of the model. Abundance data creates more sensitive models than presence-absence data (Armitage et al. 1987; Smith et al. 1999) . Genus level was used because not all larvae could be identified to species. Identification to family is time and cost efficient, achievable for most taxa, and can be consistent among laboratories. Both genus and family data sets and reference groups used for the analysis were the same as those used in Reynoldson et al. (2001) . Rare taxa (occurrence at <5% of sites) were removed from the genus data set because they create noise that obscures patterns in classification analysis (Gauch 1982) . No taxa were removed from the family data set. The spatial organization of habitat attributes and biological responses was addressed in Reynoldson et al. (2001) .
We wanted to determine whether the seasonal test samples were different from the autumnal reference condition as defined by Reynoldson et al. (2001) , thus resulting in Type I errors (i.e., a site being classified as impaired when it was not). To test the model with seasonal data, seasonal samples were compared with the autumnal sampling from each seasonal test site using the reference groups defined by Reynoldson et al. (2001) , ordination, and probability ellipses. The extent of seasonal variation could only be assessed by comparison with the autumnal reference sites because they were the only sites with a known condition.
To compare the seasonal test samples with the reference condition, the reference group to which each site belonged was determined using cluster analysis. The variability of the seasonal samples relative to the reference sites included in the reference group could then be established. Variability of ordination scores, used to assess the seasonal variation of the test sites, was assessed using probability ellipses. Details of the data analysis techniques used are given below.
Cluster analysis (agglomerative hierarchical fusion with unweighted pair group mean averages, UPGMA) of the faunal data from the reference database produced reference groups (Reynoldson et al. 2001) . The autumnal samples collected at the six unimpacted seasonal test sites were included in the cluster analysis and thus were included in the reference groups. The Fraser River catchment model (Reynoldson et al. 2001 ) was used to classify the Fraser River and Mellin Creek sites to reference groups defined by the model because these sites appeared disturbed and were therefore considered not equivalent to reference. To determine the absolute seasonal change in the benthic assemblage, seasonal faunal data for each test site were ordinated (semistrong hybrid multidimensional scaling, HMDS, Belbin 1991) with the reference group to which the seasonal test site was assigned based on the autumnal sampling. Gaussian bivariate probability ellipses (90%, 99%, and 99.9%) were calculated and plotted using the ordination scores of only the reference-site data in each group (SYSTAT 1990, Proc Scatterplot) . The location of the seasonal test sites in the four bands created by the probability ellipses was examined and used to establish whether the seasonal samples could be assessed as equivalent to reference (Reynoldson et al. 2001) .
The use of probability ellipses and the bands that they create allows the difference between a test site and the reference community to be categorized. Invertebrate assemblage responses can then be viewed along a gradient of impact responses. The level of departure from the reference condition that constitutes unacceptable impairment is ultimately a subjective decision. The choice of the 90% probability ellipse as the first band (Band 1) is based on previous water-quality studies (Wright 1995) and a desire to reduce the potential of making Type II errors (classifying a site as not different from the reference condition when it is). Note that the probability bands define the Type I error. There is no other way of proportionally assigning levels of impairment, so 99% and 99.9% probability ellipses were selected that created stress bands (Bands 2, 3, and 4) of equal widths. Sites within the 90% ellipse (Band 1) are considered to be equivalent to reference. Sites between the 90% and 99% probability ellipses (Band 2) are considered to be possibly different from reference because there is a 10% chance that sites will fall in this band as a result of normal variability (Type I error rate). Sites between the 99% and 99.9% probability ellipses (Band 3) are considered different from reference because there is only a 1% chance that the sites will be incorrectly described as different. Sites that fall outside of the 99.9 % probability ellipse (Band 4) are considered to be very different from reference sites (Reynoldson et al. 2001) .
Results
Cluster analysis of the reference data set resulted in six groups being formed for the genus level (97 taxa) and four groups for the family level (74 taxa) (Reynoldson et al. 2001) . The most frequently occurring taxa in each reference group are listed in Reynoldson (et al. 2001) . Ordination of the reference data showed the location of the six groups in ordination space for the genus level (Fig. 2a) and four groups for the family level (Fig. 2b) . The reference-site groups to which the cluster analysis assigned the seasonal test sites, based on the autumnal data, are summarized in Tables 2 and 3. At the genus level, the cluster analysis placed the autumnal samples from the six unimpacted seasonal test sites into Groups 2 and 5. Mayfly Creek, Spring Creek, the North Alouette River, and the Thompson River samples had generally low invertebrate abundance and were included in Group 2. The continental streams (Glimpse and Beak) had high invertebrate abundance and were placed into Group 5. Of the two potentially stressed sites, the Fraser River site (intermediate in abundance between groups 2 and 5) was predicted to Group 4 and Mellin Creek was predicted to Group 5 based on the autumnal samples. A detailed description of the invertebrate composition at the seasonal test sites can be found in Reece and Richardson (2000) .
At the family level, classification and prediction of seasonal test sites resulted in the sites being spread across all four reference groups ( Table 2 ). The coastal streams were classified into Group 1. The Thompson River was predicted to Group 2. Of the continental streams, Glimpse Creek was placed into Group 4 and Beak Creek was placed into Group 3. Of the two exposed sites, Mellin Creek was assigned to Group 4 and the Fraser River was assigned to Group 2 (Table 3). When tested, the sites were consistently predicted to the same group using environmental measurements taken at different seasons, which suggested that the predictive model of group membership based on environmental variation was robust and not sensitive to seasonal variation in habitat predictors.
Locations of the seasonal test sites in the ordination space of the group to which they were classified are summarized in Table 2 for the reference sites and Table 3 for the exposed sites. A seasonal test-site sample located within the 90% probability ellipse (Band 1) for all axes was considered the same as the reference condition. A seasonal test-site sample that fell outside of the 90% ellipse (Bands 2, 3, or 4) for any pair of ordination axes was considered to be different from reference. Thus any conclusions as to the state of a seasonal test site were conservative.
Each seasonal test-site benthic assemblage changed seasonally, in ordination space, in different directions, and with different magnitudes at both the genus and family levels. These seasonal changes caused some seasonal test-site samples to fall outside of Band 1 (Fig. 3, Table 2) . At the genus level, all sites except the North Alouette River had sampling dates that fell outside of Band 1 (some sampling dates for Glimpse Creek fell in Band 4, Table 2 ). These sites were not visibly disturbed but could be considered different from the reference condition outside of the reference sample season. At the genus level, 57% of the non-autumnal samples were assessed as equivalent to reference (Band 1, Table 2 ), 30% were assessed as possibly different from reference (Band 2), and the remaining 13% were different to very different from reference.
At the family level, 48% of the non-autumnal samples were in Band 1 (Table 2 ), 39% were classified as Band 2, and 13% were classified as Band 3. Therefore, seasonal changes in the invertebrate assemblage affected the location of a stream in ordination space, but the results changed with each stream and taxonomic level.
For the disturbed sites, we have shown the concordance between the autumnal assessment of the sites based on the discriminant function analysis (DFA) classification of the sites and the assessment based on sampling in other seasons. Concordance ranged from 0% to 75% and was lower at the genus level than at the family level (Table 3) .
Discussion
Seasonal change at the reference sites
Seasonal changes in invertebrate assemblages can be large in some systems (Hynes 1970; Furse et al. 1984) Autumn 1995  2  1  1  1  Spring 1995  2  1  1  1  Summer 1995  2  1  1  1  Winter 1995  2  1  1  1  Spring 1996  2  1  1  1  Large  Thompson  Autumn 1995  2  2  2  1  Spring 1995  2  2  2  2  Summer 1995  2  1  2  1  Winter 1995  2  1  2  1  Spring 1996  2  3  2  2  Autumnal samples Band 1 4 (67%) 4 (67%) Band 2 2 (33%) 2 (33%) Non-autumnal samples Band 1 13 (57%) 11 (48%) Band 2 7 (30%) 9 (39%) Band 3 1 (4%) 3 (13%) Band 4 2 (9%) 0
Note: See Fig. 3 for a visual placement of the probability ellipse bands: Band 1, within the 90% probability ellipse; Band 2, between the 90% and 99% probability ellipses; Band 3, between the 99% and 99.9% probability ellipses; Band 4, outside of the 99.9% probability ellipse. Table 2 . Summary of the groups into which the seasonal test sites were classified, based on the autumnal sampling and where the seasons fell in the probability ellipses of the ordination space.
small (Hawkins and Sedell 1981; Death 1995; ZamoraMuñoz and Alba-Tercedor 1996) . These changes occur as invertebrates move through their life cycles and because of short-term exclusion of taxa as a result of redistribution of invertebrates from disturbance events such as floods (Reice et al. 1990 ). Invertebrate assemblage structure also changed at our seasonal test sites. The magnitude and direction of the seasonal change in ordination space depended on the site, season, and the taxonomic resolution used. The seasonal change resulted in an average of 43% of the sampling dates being misclassified at the genus level and an average of 52% misclassification at the family level.
Although seasonal change was primarily a result of change in invertebrate abundance rather than composition, there was no consistency in the direction or magnitude of movement in ordination space. Therefore, there is no a priori way of knowing the influence of seasonal change on future test-site samples collected outside of autumn. There was very little difference in the sensitivity to seasonal effects between the family and genus levels.
In the future, the reference database could be expanded by the addition of multiple reference sampling dates, which would allow seasonal variation to be incorporated into the model (Furse et al. 1984; Marchant et al. 1997) . Use of test samples also collected over multiple sampling dates could reduce the potential for Type I errors as a result of stochastic events or sampling errors. As an alternative, seasonal data could be applied by creating season-specific models.
Seasonal change and exposed sites Mellin Creek was different from the reference condition based on the autumnal sampling. Cattle were using the stream as a source of water in the autumn, so they were moving through the stream and defecating in it at the time of the autumnal sampling. The impact of the cattle was detected by the reference-condition model, which was slightly more sensitive to the impact of the cattle when genus-level data were used than when family-level data were used. Autumn and other seasons fell outside of Band 1 at both taxonomic levels, probably because of a combination of stress and seasonal change.
Seasonal change of the benthic assemblage at Mellin Creek Note: See Fig. 3 for a visual placement of the probability ellipse bands: Band 1, within the 90% probability ellipse; Band 2, between the 90% and 99% probability ellipses; Band 3, between the 99% and 99.9% probability ellipses; Band 4, outside of the 99.9% probability ellipse. Table 3 . Summary of the groups into which the exposed sites were predicted based on the autumnal sampling and where the seasons fell in the probability ellipses of the ordination space. Fig. 3 . Placement of the seasonal test samples from Spring Creek in the ordination space of reference Group 2. All three axes shown (a-c). The invertebrates were identified to the genus level. Sampling: Sp1, spring 1995; Su, summer 1995; Au, autumn 1995; Wi, winter 1995; Sp2, spring 1996 . The 90%, 99%, and 99.9 % probability ellipses are based on the ordination scores of the reference data.
was also detected through the "movement of sampling dates (ordination scores) in ordination space" (data not shown). This movement resulted in some dates being similar to the reference condition, or only possibly different from it, which has implications to biomonitoring in the Fraser River catchment. A site that is disturbed could be classified as being similar to the reference condition simply as a result of seasonal variation, or if test samples were collected after a period of quiescence. Recovery of a site from a disturbance or after remediation could also be determined from the reference-condition model, but only from samples collected during the reference season.
Influence of different taxonomic levels
The taxonomic level used influenced the grouping of reference sites and the sensitivity of analysis at exposed sites. The reference groups formed by the classification are important because they are a potential source of variation and form the basis of the remaining analysis. A low number of groups results in each reference group containing a large number of reference sites and a large amount of variability. A low number of groups could result in a model that is not as sensitive to slight variations in the data as when a greater number of reference groups are formed. One model is not necessarily more correct than another, but it is important to identify how various decisions about analysis can affect the model and associated predictions. The formation of six reference groups from the genus-level data versus four formed with the family-level data set did not result in a model that was strikingly more sensitive to seasonal variation at reference sites.
Genus-level data should contain more information than family-level data. Species in a family can have different stress tolerances (Wright 1995; Zamora-Muñoz and AlbaTercedor 1996) and life cycles (Sweeney and Vannote 1981) , and the genus-level data may reflect these differences. The genus-and family-level models had similar sensitivities to the samples from the seasonal test sites (87% of the samples in Bands 1 and 2). However, at the exposed sites, the lower concordance between the seasonal and autumnal samples and the location of the seasonal samples in the probability ellipses indicated that the genus level was more sensitive than the family level to seasonal variation.
Implications of seasonal change to biomonitoring using the Fraser River catchment model
Seasonal changes of the seasonal test-site assemblages affected how the Fraser River predictive model should be used. Seasonal changes were sufficient to place some sampling dates outside of Band 1. Such placement creates uncertainty because of an inability to separate typical seasonal changes from changes caused by stress on the system. Therefore, we offer the following recommendations for use of the Fraser River reference-condition model.
First, future test-site samples should be collected in the same season as the reference samples (autumn) and should account for differences caused by invertebrate life cycles. The recovery of a site to an equivalent-to-reference condition can also be detected with test samples collected in the autumn.
Second, a gradual accumulation of seasonal data from reference sites is recommended. This strategy will allow seasonal variation to be included in the model or the creation of season-specific models in addition to autumn.
Third, caution and common sense should be used when analyzing single test samples collected in a season other than autumn. No unusual disturbance events should precede sampling, and because seasonal variation may cause a site with no apparent stresses to fall outside of the ellipses, further investigation of the site may be required.
Fourth, almost all of the seasonal variation resulted in samples falling just outside of the 90% reference ellipse. Perhaps the 99% ellipse should be used as the cutoff between equivalent-to-reference and possibly different-fromreference when genus data are used and test samples are collected outside of the autumnal season. However, this approach is not generally recommended because of a danger of Type II errors.
Finally, the most appropriate taxonomic level for future users of the Fraser catchment predictive model will depend on the level of expertise of the biologists involved. It would be more appropriate to use family level than to incorrectly identify test-site invertebrates. Identification to the family level may also be more appropriate when samples contain many early instar larvae, which are difficult to identify to lower taxonomic levels. Analysis at the family level is more appropriately used to filter out the noise associated with minor seasonal changes and stochastic events.
